Abstract -Structural transformations of UHMWPE-based fibers prepared by orientational drawing have been studied by the combination of SAXS and WAXS methods, photo-and diffractometry, and isometric DSC measurements in a wide temperature range. A sequence of phase transformations and other structural changes has been followed and identified during the orientational deformation of the fibers in a wide range of draw ratios from 1 to 85 within the temperature interval from room temperature to the melting temperature of the polymer.
INTRODUCTION
According to contemporary theories, the shape anisotropy and rigidity of molecules are necessary and sufficient conditions for the development of mesomorphism in a substance. Actually, these conditions work well for such classes of well-known mesomorphic states as liquid and plastic crystals.
Meanwhile, over the last two to three decades, in contrast to current ideas, mesophases characterized by 1 D or 2 D elements of long-range positional order, orientational order, and conformational disorder have been discovered in flexible-chain systems whose macromolecules lack mesogenic groups. Similar mesomorphic structures, referred to as condis crystals (Wunderlich) or columnar mesophases (Ungar) were observed for several classes of flexible-chain high-molecularmass compounds, such as polyorganosilioxanes, polyorganophosphazenes, polycarbosilanes, PTFE and its derivatives, and several polydienes [1] [2] [3] .
One of the striking representatives of mesophase polymers of this type is PE, for which thermotropic barotropic [1] and thermotropic mechanotropic [4] variants of mesomorphism are available. Precisely this mesomorphic polymer was selected as the main object of our research. The goal of this study was to ascertain the tendency of UHMWPE toward mesomorphism in highly oriented fibers based on this polymer. of interest were prepared by gel spinning with raw ratios λ varied in a wide range from 1 to 85. EXPERIMENTAL X-ray diffractograms were measured with a DRON-3M domestic automated X-ray diffractometer (the transmission mode, Ni filter on the primary beam). Cu K α radiation with a wavelength of 0.154 nm was used. Measurements were performed in the range of diffraction angles 2 θ = 1°-50° . To reveal weak reflections, the spectra were measured in a stepwise manner with long accumulation times. The spectrum of a reference (pentaerythrite single crystal) was recorder periodically to verify the goniometer adjustment. Diffractograms taken for each sample were treated with the Microcal Origin 6.0 program to determine the values of d hkl .
X-ray patterns were recorded on a Rigaku Rotaflex R-200 diffractometer (Japan) equipped with a 12-kW X-ray generator with a rotating anode ( Cu K α radiation, graphite monochromator on the primary beam). The variable geometry of the diffractometer made it possible to perform wide-and small-angle diffraction measurements. A Bruker AG two-dimensional positionsensitive detector (Germany) was used as a registration system.
The surface area under Bragg's reflections was determined by the integration of corresponding regions in fiber X-ray patterns in the radial and azimuthal directions. The total area of the amorphous and crystalline constituents was initially estimated (minus the incoherent scattering), and then the integral intensity of peaks corresponding to the crystalline phase was measured. The surface area under the amorphous halo (the integral intensity was measured along the entire Debye ring) was estimated as a difference between the total and crystalline constituents.
Effect of the Degree of Extension on the
The sum of integral intensities of reflections with indices 110 and 200 was taken as the crystalline constituent of PE. Since, as is shown in [5] , maxima with other indices insignificantly contribute to scattering from the crystalline constituent, they were disregarded in the calculations.
Owing to the texture factor, in some cases there was an appreciable difference in the ratios of the integral intensities of 110 and 200 peaks for various isotropic PE samples. The ratio between the intensities of reflections 110 and 200 for the nontextured PE was ~3.2 . In accordance with [6], the texture factor was corrected for all samples via formula
where A is a coefficient that ensures the fulfillment of this relationship.
The quantitative power X-ray analysis was performed by means of the Hermans-Weidinger technique [5] . For samples with different ratios of surface areas under crystalline reflections and amorphous scattering measured under the same conditions, the integral intensities were determined and the intensity of the crystalline phase was plotted as a function of the intensity of the amorphous phase. Under the assumption that the coefficient of scattering from the crystalline constituent along the ordinate axis is unity, the scattering coefficients for amorphous components may be derived from abscissa ordinates. Thus, the cotangent of the slope of the above straight line is the ratio of the fractions of scattering corresponding to amorphous and crystalline phases. Given scattering coefficients for each phase, its mass fraction may be calculated as .
Here x is the mass fraction of a phase in the test sample, I x is the integral intensity of this phase, k x is the relative scattering coefficient for a given phase, I i is the integral intensity of scattering of the i th phase, k i is the relative scattering coefficient of the i th phase, and N is the number of phases in a system.
Phase transformations along the temperature scale were recorded with the use of the DSC method on a DSC-30 calorimeter (Switzerland). Heating and cooling rates were 10 K/min. The test samples weighing as much as 20 mg were placed in standard hermetic capsules. To avoid the effect of the sample prehistory, each sample was used in a single measurement cycle.
Measurements were carried out at the constant length of the sample (under isometric conditions). To this end, a rigid frame made of a metallic plate ( 4.0 × 2.0 × 0.5 mm) with 0.5-1.0-mm deep wide cuts as twotoothed forks at the ends was used. A thread was wound along the plate and then was tightly wrapped by a thin copper wire in the longitudinal direction. The as-prepared sample was wrapped by aluminum foil, and one side of the packing was tightened to ensure a better contact with the sample holder.
UHMWPE samples ( M w = 1.9 × 10 6 ) purchased from the OAO Tomskneftekhim were characterized by different draw ratios (Table 1) . Threads as a set of monofilaments (some of them had the xerogel structure) were fabricated at the Federal State Unitary Enterprise, Research Institute of Synthetic Fibers. A polyfilament (240 filaments) thread of PE with various draw ratios was prepared by gel spinning from 3% polymer solution in Vaseline oil (liquid paraffin) on an experimental plant described in [7] . 
